Objective 
Introduction
In France, as in other industrialized countries, although the users of powered two-wheelers (PTW) represent less than 2% of the vehicles on the road, they account for a very high proportion of the individuals who are injured and killed on the roads (NHTSA 2006; ONISR 2007; SafetyNet 2008) . In 2006, in Europe, this group represented 22% of the total number of road traffic accident fatalities (SafetyNet 2008) . Thus, considering the vehicles that were on the road in 2005, the fatality risk for PTW riders was greater by a factor of 7 for motorcycle riders and a factor of 3 for moped riders, compared to car riders (ONISR 2007) . A specific feature of PTW riders, in addition to their vulnerability, is the high risk of accident involvement, which is several times higher than for motorists (Horswill and Helman 2003; Langley et al. 2000) . This risk may be influenced by several individual and environmental factors that apply to PTW users (Lardelli-Claret et al. 2005) .
In epidemiology, the type of study design which is the most used in order to investigate the above factors and estimate accident risks is the case-control study, in which the cases consist of accident-involved PTW riders and the controls consist of a group of non accident-involved PTW riders, selected at random from all the PTWs on the roads, for example at the same times and locations the accidents occurred (Evans 2004 ). In the case of a rare event, the estimated odds ratios for each factor provide good estimations of the relative risks of accident involvement. As studies of this type are difficult to perform, researchers have developed techniques that make it possible to estimate accident risks from data that refer exclusively to accident-involved subjects.
Such data, which are frequently available, contain information on the accident factors which may allow us to evaluate the primary safety issues (Chandraratna and Stamatiadis 2009) . These methods use a group of accident-involved riders as an exposure metric, making the hypothesis that the controls are representative of both riders on the road and accident-involved riders by simple virtue of their presence on the road.
The aim of this study is to quantify the effect of different factors that are related to PTW riders on accident risk by using a case-control study with accident responsibility as the event.
Material and methods
This analysis is based on the exploitation of national data from the French police from 1996 to 2005, i.e. injury accident reports or Bulletins d'Analyse des Accidents corporels de la Circulation (BAAC) (ONISR 2007) . The BAACs are the computerized version of the accident reports which the police have the obligation to draw up for all personal injury road traffic accidents occurring in France. Each accident report provides a precise description of the circumstances of the accident and the characteristics of the vehicles and of the users involved.
We have conducted a case-control study and investigated the risk factors for being responsible for an accident among PTW riders. We have made the hypothesis that our controls, nonresponsible riders, are a representative sample of all riders on the road. Thus, the prevalences of the different risk factors in this control group provide a picture of the exposure of the population on hal-00543304, version 1 -6 Dec 2010 the road to these factors. With this hypothesis, our analysis amounts to comparing the riders on the road to the riders who are responsible for an accident. The studied event is rare and the estimated odds ratios for each factor provide good estimations of the relative risks of accident involvement.
The methodology used here has been presented in the contract report for the SAM survey "Psychotropic drugs and fatal accidents" ("Stupéfiants et Accidents Mortels" (Laumon et al. 2009 ).
Determining responsibility
We determined accident responsibility for each rider by using the method developed by Robertson and Drummer (Robertson and Drummer 1994) which has been adapted to suit the data available in the BAAC. This systematic determination method calculates a responsibility score based on information that is used by the police in their procedures.
To begin with, each crash-involved rider is considered to be responsible. Several classes of factors that can attenuate this responsibility are considered: the state of the road, that of the vehicle, traffic conditions, the type of accident, compliance with the Highway Code and the complexity of the driving task. Two factors are of prime importance when determining responsibility:
whether a rider has committed one or more Highway Code violations, and whether, in the case of accidents involving two or more vehicles, the police considered the rider to be responsible. Factors that relate to the rider such as age, gender and alcohol consumption are not considered when calculating responsibility.
This procedure for determining responsibility assigns a final score to each rider who is then classified as responsible, partly responsible or not responsible. We have decided to group partly responsible riders together with fully responsible riders. We consider that riders having some responsibility in the accident occurrence are the "cases", while riders without any responsibility can be considered as good "controls", i.e. riders who were involved in the accident as a result of "bad luck", and as such representative of riders "on the road".
Validation of ascribed responsibility
A group of experts in accident studies evaluated the responsibility of the riders in 3,024 fatal accidents involving two or more vehicles based on the accident reports (Laumon et al. 2005; Laumon et al. 2009 ). The agreement between this "expert ascribed responsibility" and the responsibility determined by the Robertson and Drummer algorithm was evaluated and found to be adequate (Kappa test = 0.67 95%CI (0.65-0.70).
Analysis strategy
For this study, we selected all the PTW riders present in the BAAC files who were involved in an injury accident between 1996 and 2005, irrespective of accident severity. We calculated the responsibility of the riders for the accidents, the riders who were classified as responsible or partly responsible forming the cases and the non responsible riders the control group.
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We compared the distribution of the different characteristics of the PTW riders according to their accident responsibility. The factors that were taken into account were age, gender, helmet wearing, alcohol consumption, whether the individual held a driving licence and if so for how long he/she had done so, the trip purpose and whether the vehicle was carrying a passenger. We estimated the non adjusted and adjusted relative risks of being responsible for the accident. We used logistic regression models to do this. We estimated the raw and adjusted odds ratios for each factor of interest and calculated the corresponding 95% confidence intervals. The adjustment factors related to the accident and its circumstances: the day (weekday or weekend), time of day ([22h to 7h [ or [7h to 22h[) , month and year of the accident, location of the accident (Non-built-up area, Built-up area), the type of road (PTW on its own, PTW with pedestrian, PTW with other vehicle and no pedestrian) and the type of accident (Motorway, Trunk road, County road, Street, Other).
The factors were included in the multivariate analysis irrespective of whether or not they achieved significance.
We conducted separate analyses for moped and motorcycle riders, thereby anticipating potential differences between the two modes: the age at which it is possible to ride a vehicle, the type of training required to drive it, different use of the vehicle. As several PTW riders may be involved in the same accident, the number of PTW riders studied exceeded the number of accidents.
We used different age classes for moped and motorcycle riders in order to give more importance to 14-15 year-old moped riders. The large number of riders and the long period covered by our study allows us to consider age in a precise manner using 13 age classes and enables us to study the relationship between age and accident responsibility in a precise manner. The variables "validity of motorcycle driving licence" and "length of time the licence has been held" are only valid for motorcyclists as no licence exists for mopeds.
Results
The analysis covered 362,547 PTW riders involved in 352,177 accidents during the study period. For both moped and motorcycle riders, three-quarters of the accidents took place on a weekday and 9 out of 10 during the daytime (Table 1 ). The main differences between moped and motorcycle riders related to the accident location in terms of the type of road and whether it occurred inside or outside a built-up area. One in four motorcycle accidents took place outside a built-up area, and moped accidents tended to occur more in built-up areas. The proportions of accidents occurring on trunk roads and motorways were very different for moped and motorcycle riders. Table 2 sets out the main characteristics of the riders according to type of PTW. The proportion of females was higher among moped riders than among motorcycle riders. The sex ratio was 5.5 among moped riders and 17.7 among motorcycle riders. With regard to helmet wearing, the proportion of unhelmeted riders was higher among the moped riders than the motorcycle riders: in the cases where this factor was known, 95.3% of moped riders were helmeted compared with 98.8% of motorcyclists.
945 moped riders and 710 motorcycle riders were involved in an accident as a rider when they were under legal age which is respectively 14 and 16 years old. Almost half the crash-involved moped riders were between 14 and 17 years of age (46.8%). Among motorcyclists, 16-17 year-olds accounted for 4% of the casualties. Seven out of ten crash-involved motorcyclists were between 21
and 39 years old.
The blood alcohol level of 67.2% of the moped riders and 70.2% of the motorcyclists was measured and recorded in the BAACs. In those cases where blood alcohol level was measured and the result known, the percentage of riders who were over the legal limit was higher among the moped riders (5.4%) than the motorcyclists (4.6%).
Most of the accidents involving PTW riders occurred during leisure trips. Trips made while at work accounted for 19.6% of moped riders' accidents and 31.4% of motorcycle accidents. In 7% of cases, the motorcycle riders were involved in an accident during a home-to-school trip.
The percentage of moped riders and motorcyclists who were involved in an accident while carrying a passenger was the same (13%). The number of PTW riders who were involved in an accident while carrying more than one passenger was very small (0.1%).
Information regarding the driving licence of motorcyclists and its validity was known for almost all the crash-involved riders (97%). Riders without a driving licence who were involved in an accident accounted for 3.2% of cases. The length of time they held their licence was available for 92% of the crash-involved riders. Among the crash-involved riders with a valid driving licence, 48.3% had held their licence for at least five years. Novice riders, that is to say those who had held their licence for less than 2 years accounted for 28.1% of cases.
Risk factors for crash involvement among moped riders
Of the 181,319 moped riders, 105,560, i.e. 58.2%, were responsible for their accident. Table 3 shows the raw and adjusted odds ratios for injury accident involvement among moped riders. a Analyses adjusted for the time of day, the day, the month and the year of the accident, and the location, type of road and type of accident.
Male moped riders had a higher risk of injury accident involvement than female (Table 3) .
Unhelmeted riders had twice the risk of being involved in an accident than helmeted riders. Agerelated risks had a U-shaped distribution: the risk of accident involvement was at its highest for the extreme age groups (those aged 14 and driving illegally and those aged over 75) in comparison with the reference group of 30-34 year-olds.
We observed a very high accident-involvement risk for riders with a blood alcohol level above the legal limit of 0.5 g/l. We also observed a dose-response effect for the risk of accidentinvolvement in the case of alcohol consumption. This association was slightly attenuated when we controlled for other factors, but it still remained significant. The risk for riders with a blood alcohol level of between 0.5 and 0.8 g/l was 2.71 times that for riders with an alcohol level of less than 0.5 g/l. The risk was more than 6 times higher for riders with a blood alcohol level of over 0.8 g/l.
With regard to trip purpose, moped riders had a higher risk of being involved in an accident when making a leisure trip than on a home-to-work or a home-to-school trip.
Moped riders carrying passengers had a higher accident risk than those without a passenger.
Risk factors for accident involvement among motorcycle riders
Of the 181,228 motorcyclists, 96,907, i.e. 53.5%, were responsible for their accident. Table 4 sets out the raw and adjusted odds ratios for injury accident involvement among motorcycle riders.
Male gender and not wearing a helmet increased the risk of being responsible for an injury accident, i.e. the risk of being involved in an injury accident. Accident risk according to rider age had a U-shaped distribution: riders of under 16 years of age, driving illegally, had twice the risk of accident involvement than the reference group of 30-34 year-olds. The risk of being involved in an accident fell with age in the case of riders under 45 years of age, with a 45-54 year-old age group having the lowest estimated risk. Risk increased for riders over 65 years of age.
We observed a high risk of injury accidents among riders who had consumed alcohol whose blood alcohol level was equal to or over the legal limit of 0.5 g/l. As for moped riders, we observed a dose-response effect for risk in the case of alcohol consumption which reached a raw odds ratio of 20 for motorcycle riders with a blood alcohol level of 2 g/l and over. This association between alcohol consumption and accident risk was attenuated after adjustment for the other factors, but the estimated risks were still very high: compared with riders who were not over the legal limit, riders with an illegal blood alcohol level of between 0.5 and 0.8 g/l were at 3.7 times more risk of being involved in an accident, and beyond this level their risk increased with alcohol dose. Riders with more than 2 g/l of alcohol in their blood had 11 times the risk of being responsible for an accident than riders with less than 0.5 g/l.
With regard to the driving licence, riders without a licence had twice the risk of being involved in an accident than riders with a valid licence. We also observed a reduction in accident risk in the case of riders according to the number of years they had held their licence.
With regard to trip purpose, riders had a higher risk of being involved in an accident when making a leisure trip than on a home-to-work or a home-to-school trip.
Finally, motorcycle riders carrying passengers had less risk of being involved in an accident than riders travelling alone: after adjustment, the estimated risk was 0.92. 
Discussion
We have analyzed the association between the rider related factors and the risk of being responsible for an injury accident. A number of our findings merit discussion.
First, we found the factor with the strongest association with accident responsibility to be alcohol consumption: we identified an increase in the risk of injury accidents after alcohol consumption, with a dose effect. Two other studies have measured this association among PTW riders and also found an increase in the risk of responsibility (Lardelli-Claret et al. 2005; Williams et al. 1985) .
In common with the majority of studies, we identified an excess risk of accident involvement among novice PTW riders (Chang and Yeh 2006; Evans 2004; Harrison and Christie 2005; Lardelli-Claret et al. 2005; Lin et al. 2003; Mullin et al. 2000; Reeder et al. 1995; Rutter and Quine 1996; Ryan et al. 1998; Skalkidou et al. 1999; Yannis et al. 2005) . This may be due to a combination of young people's inexperience and risk-taking (Chesham et al. 1993; Ryan et al. 1998 ) as well as risk exposure (Harrison and Christie 2005; Yannis et al. 2005) . We also identified an increased accident risk for the oldest riders, in common with another study (Lardelli-Claret et al. 2005 ). The high accident rate among the oldest riders may be explained by an age-related reduction in their driving skill and by the difficulty they experience in dealing with complex driving situations (Lardelli-Claret et al. 2005; Ryan et al. 1998 ).
With regard to rider gender, we identified an excess accident risk among men compared with women, as has already been mentioned in other studies (Lardelli-Claret et al. 2005; Lin et al. 2003) . Their riskier behaviours mean that men are more often involved in injury accidents. The higher injury accident risk among male riders may also be explained by the fact that this risk is very strongly linked to speed (Fergusson et al. 2003) .
Among the motorcycle riders, we have found that those riders without a valid licence had an increased risk of accident involvement. This has also been observed in other studies (Haworth and Schulze 1996; Hurt et al. 1981; Lardelli-Claret et al. 2005; Lin et al. 2003; Magazzu et al. 2006; Reeder et al. 1999; Rutter and Quine 1996; Wells et al. 2004) . With regard to driving experience, which we measured on the basis of the length of time the riders had held their licence, we found that novice riders (who had held their licence for less than 2 years) had a higher accident involvement risk than riders who had done so for more than 2 years. This result concurs with other studies (Harrison and Christie 2005; Lardelli-Claret et al. 2005; Lin et al. 2003; Mullin et al. 2000) .
Our study, which has been adjusted both for age and experience, allows us to estimate the specific effects of these factors. After adjustment for both, the effects of these two factors remain significant.
We found that riders who used their moped or motorcycle for leisure trips had a higher risk of accident involvement than during home-to-work trips, home-to-school trips or trips made while at work. Other studies have identified an increased accident risk during leisure trips, and not only among PTW users (Chiron et al. 2008; Gregersen and Berg 1994) . During leisure trips, ignorance of the route increases the risk of PTWs being caught unawares by a defect in the road, for example hal-00543304, version 1 -6 Dec 2010
poor surface condition. A second hypothesis relates to differences in driving behaviour between a rider travelling to work and a rider travelling for leisure purposes.
One difference between moped and motorcycle riders related to the effect of carrying a passenger on the vehicle: while a passenger increased the risk of accident involvement among moped users, it reduces this risk among motorcycle riders. The lower accident risk when carrying a passenger among motorcycle riders may be explained by trip purpose and more cautious behaviour when they have a passenger. However, for moped users, carrying a passenger is illegal in most cases, except when the vehicle is equipped for the purpose. Carrying a passenger on a moped is therefore an indicator of non compliance with regulations, which itself is an indicator of risk-taking. The literature contains two studies that investigated the carrying of a passenger on a PTW. The study by Lardelli et al. also highlighted the protective effect of carrying a passenger on a motorcycle, and also did so for mopeds (Lardelli-Claret et al. 2005) . However, another study has shown an increase in accident risk when carrying a passenger on a motorcycle (Quddus et al. 2002) .
This study analyzed national data from the police concerning a large number of PTW riders involved in injury accidents of all levels of severity. We studied the rider's responsibility for the accident, a criterion which is often used in case-control studies in transportation epidemiology: we compared distributions of the main characteristics of the accident-involved PTW riders according to whether they were responsible or not for the accident. In this way, we substituted accident risk exposure (a comparison of factors between riders who have had an accident and riders who have not) for exposure to the risk of being responsible for the accident (a comparison of factors between riders who are responsible and riders who are not). The criterion of responsibility provides a way of identifying non-responsible riders who were involved in an accident as a result of "bad luck", just because they happened to be on the road at the time. If we make the hypothesis that these controls are representative of the riders on the road, our analysis amounts to estimating the risk of one of the PTW riders on the road being responsible for an accident. This hypothesis has been validated in a previous study using the same methodology, but dealing with all drivers involved in fatal accidents (Laumon et al. 2005 ). This validation is less easy to conduct on our PTW sample, as no estimation from PTW population survey was available concerning, for example, the proportion of riders on the road with blood alcohol level above the legal limit. Anyway if, in spite of adjustments for many factors, controls are too close to cases, this would lead to underestimation of odds ratios.
This does not rule out the significant risk factors found. Otherwise, as the studied event is rare (one individual out of those on the road being responsible for an injury accident) the estimated odds ratios for responsibility for each factor are good estimations of the corresponding relative risks.
The large number of subjects in the study meant we were able to explore the dose-effect association between factors such as alcohol and accident risk. By separating moped riders from motorcycle riders, we anticipated differences between the two types of vehicles, the populations that use them and how they are used.
Responsibility analysis (Robertson and Drummer 1994) has already been used by other research groups, validated by a group of experts and adapted to the BAAC data (Laumon et al. hal-00543304, version 1 -6 Dec 2010
2005). All PTW riders are eligible, irrespective of the type of accident they were involved in, including single PTW accidents. In the latter case, as there is just one rider, the percentage of responsible riders was very high (91.5%). As responsibility analysis takes account of the traffic conditions at the time of the accident, it allowed the rider to be classified as non responsible in 8.5% of the single PTW accidents: a number of factors such as poor weather conditions, a faulty vehicle, performing an avoidance manoeuvre, or a collision with an animal affected the responsibility score.
Speed is a major accident risk factor for PTWs and no further proof is required of its influence on accident occurrence (Lardelli-Claret et al. 2005; Shankar et al. 1992) . The BAAC only contains speed data when there has been a speed violation. The police statement concerning responsibility for the accident may also implicitly take account of speed. Adjustment of the analyses for the type of road, which is on average correlated with the speed, allows us to take account of speed in an indirect manner. Speed violations and responsibility ascribed by the police are used to calculate the responsibility score, which means that speed cannot be considered as an explanatory factor. A possible alternative would be to use a reported speed violation to measure speed and consider it as the variable of interest. However, the BAAC does not always provide information on excess speeding and this is implicitly taken into account when the police make their statement of responsibility. Consequently, it was not impossible for us to exclude speed completely when calculating the responsibility score.
Although we were unable to study speed as a factor of interest, we were able to do this with alcohol consumption. This factor may influence the determination of responsibility as drink-driving is a violation and if the police suspect alcohol consumption they may state the rider was responsible for the accident. If the responsibility analysis meant that those riders who had consumed alcohol were classified as responsible, our study would present a differential classification bias leading to an overestimation of alcohol-related risk. To avoid this, our responsibility analysis did not consider the alcohol violation codes. However, even if the police officers did not know the results of the alcohol test performed on the rider, we cannot exclude the possibility that they presumed the rider to be responsible because they suspected alcohol consumption. Nevertheless, our estimated odds ratios with regard to alcohol lie within the same range as those recently published by Lardelli et al. (Lardelli-Claret et al. 2005) , which confirms the validity of our findings.
To conclude, this study has enabled us to identify the major excess risk factors for injury accidents among PTW riders, and above all to quantify their effects. This study suggests that road safety and public health programmes may reduce the number of PTW accidents as the majority of the factors that have been identified in the study are factors which are amenable to modification by prevention activities or regulations.
